Abstract-The objective of this field experiment was to study the effect of conservation tillage system along with the use of herbicides on weed management, crop growth and yield in maize crop. The experiment was laid out in randomized block design and it consisted of six treatments viz., T1 -Conservation tillage (two ploughings)+ pre-sowing application of glyphosate @ 1.02 kg ha -1
+ Pre-emergence application of atrazine @ 1.25 kg ha -1 at 3 DAS, T2 -Conservation Tillage (Two ploughings) + pre-sowing application of glyphosate @ 1.02 kg ha -1 + pre-emergence application of atrazine @ 1.25 kg ha -1 at 3 DAS + one hand weeding at 30 DAS, T3 -(Conservation Tillage (Two ploughings) + pre-sowing application glyphotate @ 1.02 kg ha -1 + twice hand weeding at 15 DAS and 30 DAS, T4 -Conventional tillage (farmers' practice) with twice hand weeding at 15 DAS and 30 DAS, T5 -Conventional tillage (farmers' practice) with pre-emergence application of atrazine @ 1.25 kg ha -1 at 3 DAS + one hard weeding on 30 DAS, T6 -Conventional tillage (farmers' practice) without chemical and hand weeding (unwed control) with four replications. The results showed that conservation tillage (two ploughings) + pre-sowing application of glyphosate @ 1.02 kg ha -1 + pre emergence application of atrazine @ 1.25 kg ha -1 at 3 DAS + one hand weeding at 30 DAS (T2) out stripped all other treatments with a significant reduction in the population of all the predominant weeds, particularly sedges. The same treatment recorded the least weed dry matter, higher weed control Index and least nutrient depletion by weeds of the experimentation. This treatment also had salutary effect on all growth and yield components of maize excepting hundred grain weight and resulted in the production of highest grain yield, net income and return per rupee invested. It can be recommended to the maize farmers for maintaining cost effective weed control; realizing better yield and returns.
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I. INTRODUCTION
Maize is considered the third most important cereal crop after rice and wheat in the world. This cereal is referred as miracle crop and Queen of the areal due to its high production potential compared to other poaceae family members. Wheat and rice, the common cereal crops having C-3 metabolic pathway are more vulnerable to climate change compared to maize. With maize being four times better than rice in terms of water use efficiency it seems to be the future cereal crop to feed increasing human population and livestock in India.
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Comparing the production potential of maize, the low productivity of maize in India is attributed to several reasons. Traditionally maize is planted after repeated tillage and through broad cost sowing. However, sometimes it is also dibbled (largely hybrids) in lines mainly due to expensive seed or is even inter-cropped with other crops. Broad cost/dibbled sowing in absence of fertilizer placement and proper weed management results in poor resource use and lower yield. A number of weeds compete with the crop for nutrient; water and other natural resources. In the rainy season in particular, conventional weed management become difficult with reduced labour availability for weeding operation. During winter season, due to slow growth of maize, the weed competition period is usually very long and needs repeated weeding, proving expensive. It is universally known that plants are different wide in their rooting pattern and distribution. It is also seen that surface feelers like maize may not require deep tillage and may tolerate even a perfunctory level of preparation of land while plans with deep root system may require deeper tillage.
In recent years, there has been increased adoption of conservation tillage for a number of reasons, the most common of which appears to be the influence of cost of fuel on the cost of cultivation. Fuel price increased by 283 percent between 1976 and 2015, and are unlikely to fall. Excessive cultivation of soil has led to problem of deteriorating soil structure and Soil erosion, which have also prompted the adoption of reduced cultivation [1] . To ensure higher yield, effective weed control is to be taken up in the right time with right method. However, controlling weeds manually is a tedious, time consuming and expensive task. In areas where labour is costly and in case where timely weeding would not be possible due to labour scarcity, In some instances herbicides offer the most practical, effective and economical means of reducing weed competition and thereby increasing maize yield.
The use of glyphosate, a systemic non-selective herbicide and the use of atrazine, a selective herbicide hastened the adoption of conservation tillage. The benefits of conservation tillage lies in the conservation of soil moisture, preservation of soil erosion and effective weed control [2] . For maize, conservation tillage in combination with the pre-sowing application of glyphosate followed by the pre-emergence application of atrazine can reduce all types of weeds, especially perennial weeds to manageable levels. Since very limited research findings are available on these aspects, the present investigation was under take with the following specific objectives.
1. To study the effect of the conservation tillage system along with the use of herbicides on the crop growth and yield in maize crop vis-a`-vis conventional tillage. 2. To study the weed control efficiency in maize crop. 3. To formulate appropriate conservation tillage and weed management practices for maize. 4. To find out the economics of maize crop under different conservation and conventional tillage and weed management practices.
II. MATERIALS AND METHODS

A. Study site
Field experiments were carried out during 2011 at the Experimental Farm, Department of Agronomy, Faculty of Agriculture, Annamalai University, Annamalai Nagar, Chidambaram, Tamil Nadu, India. The site is characterized by a continental semi-arid climate with an annual rainfall of 1500 mm and an average temperature of 28.5°C. The soil of the experimental field was clay loam texture, pH-7.5; low in available N, medium in available P and high in available K.
B. Experimental Design and Details
The field experiments were laid out adopting Randomized Block Design with four replications. The treatments were T 1 -Conservation tillage (two ploughings)+ pre-sowing application of glyphosate @ 1.02 kg ha -1 + Pre-emergence application of atrazine @ 1.25 kg ha -1 at 3 DAS, T 2 -Conservation Tillage (Two ploughings) + pre-sowing application of glyphosate @ 1.02 kg ha -1 + pre-emergence application of atrazine @ 1.25 kg ha -1 at 3 DAS + one hand weeding at 30 DAS, T 3 -(Conservation Tillage (Two ploughings) + pre-sowing application glyphotate @ 1.02 kg ha -1 + twice hand weeding at 15 DAS and 30 DAS, T 4 -Conventional tillage (farmers' practice) with twice hand weeding at 15 DAS and 30 DAS, T 5 -Conventional tillage (farmers' practice) with pre-emergence application of atrazine @ 1.25 kg ha -1 at 3 DAS + one hard weeding on 30 DAS, T 6 -Conventional tillage (farmers' practice) without chemical and hand weeding (unwed control).
C. Sampling and analysis
Weed counts were recorded at 30 and 60 DAS in all the two maize crops, from four quadrates of 0.25 m 2 area are placed at random in each net plot later the average weed count in a quadrate of 0.25m 2 area was arrived at and the data were computed to give the weed count m -2 . Weed species present in the experimental plots were identified and grouped as grasses, sedges and broad leaved weeds (BLW). The weeds in sample quadrates were collected from each plot separately on 30 and 60 DAS. The weeds after removing along with roots were dried in the hot air oven at 80° ±5°c for 48 hr. Weed dry weights of each group of weeds were expressed g m -2 .
Weed control index at 60 DAS was worked out to evaluate the comparative efficacy of various weed control treatments tested for weed control in hybrid maize crop. Weed control index for each treatment plot was estimated by using the formula suggested by [3] Weed control Index = 100   a b a
Where, a= weed dry matter in unweeded control plot b= weed dry matter in treated plot for which WCI is to be calculated.
Five plants in each plot were selected at random in border rows and tagged. These plants were used for recording all biometric observations of crop. Plant height was measured from surface of the soil to top most leaf. The plants selected at random in two border rows were cut close to the cotyledonary node at harvest for estimating dry matter production (DMP). The collected samples were chopped, air dried and then oven dried at 80c till concordant values were observed. The dry weight of samples were recorded and expressed in kg ha -1 . Yield components like cob length (cm), cob -1 diameter (cm), grain number cob -1 , test weight (100 grain weight), grain yield and stover yield were obtained from each net plot was recorded and expressed in its kg ha -1 . The net return was worked out for different treatments by subtracting the cost of cultivation from gross return. The return per rupee invested was calculated by using the following formula.
III. RESULTS AND DISCUSSION
A. Studies on weeds
Among the different treatments, conversation tillage (two ploughings) + pre-sowing application of glyphosate @ 1.02 kg ha -1 + pre-emergence application of atrazine @ 1.25 kg ha -1 at 3 DAS + one hand weeding at 30 DAS (T 2 ) caused a significant reduction in total weed population at 30 and 60 DAS. Effective weed control in maize ecosystem by rational weed control measures such as pre-sowing application of glyphosate accomplished by pre-emergence application of atrazine at 3 DAS might have helped in minimizing weed competition for light, moisture and nutrients.
Spraying of glyphosate efficiently destroyed the total weed vegetation. The reason for such efficiency may be ascribed to the laminar activity of glyphosate. According to [4] , glyphosate is translocated in the plant by both by downward movement to the roots and rhizomes and also upward movement to the meristem; once the glyphosate arrives in the meristmatic region, it attacks EPSP synthase, an enzyme of aminoacids are essential to protein synthesis, cell wall formation, defense against pathogens and production of hormones. This enzyme blockage might have lead to massive phytotoxic buildup of shikimic acid and benzoic acid which inhibits respiration, bud development, chlorophyll synthesis and transpiration, leading to eventual death of plants.
Atrazine inhibits photosynthesis and other metabolic processes in plants. The photo oxidations were completely prevented by exogenously supplying NADPH. They hypothesized that depletion of the source of reducing potential (NADPH) was responsible for chloroplast photo oxidation and plant-death following treatment with atrazine. Hence, it is selective for all annual grasses and broad leaved weeds propagated through seeds. This might be the reason for the treatment T 2 resulted in the highest WCI and lower DMP and nutrient removal by weeds and thus result on par with conservation tillage with two ploughings + pre sowing application of glyphosate @ 1.02 kg ha -1 + twice hand weeding at 15 and 30 DAS (T 3 ). This result are in line with the findings of [5] .
B. Crop growth and yield character
The results showed that in all the two years, conversation tillage with two ploughings + pre-sowing application of atrazine @ 1.25 kg ha -1 at 3 DAS + one hand weeding at 30 DAS (T 2 ) produced the tallest plant, highest LAI, crop dry matter, cob length, number of grains cob -1 , grain yield and stover yield. This was on par with conservation tillage with two ploughings + pre-sowing application of glyphosate @ 1.02 kg ha -1 + twice hand weeding at 15 DAS and 30 DAS (T 3 ). Least plant growth and yield characters were observed in treatment T 6 (conventional tillage farmers' practice without chemical and hand weeding).
Improved nutrient uptake by maize and crop vigour due to elimination of weed competition right from the beginning of the crop thereby offering perfect and prolonged weed control might have contributed to increased growth and yield attributes in treatments, T 2 and T 3 as reported by [6] . Advantages with conversation tillage together with better weed control measures as followed in the above treatments could partially be due to favorable physical condition of soil structure, aggregates and macropores [7] . In addition to favorable soil condition, suppression of weeds throughout the critical period of weed competition by effective, weed control measures such as pre-sowing application of glyphosate accompanied by pre-emergence application of atrazine at 3 DAS offering efficient and prolonged weed control might have favored the crop with better rooting, higher LAI, pre and post flavoring photosynthesis and yield attributes. It is logic to postulate that the aforesaid parameters had a favorable effect on source and sink capacity resulting in increased grain yield. Competition by the general weed flora during the initial 20 days and that of annual grasses, sedges and broad leaved weeds, throughout the crop duration might be responsible for lesser grain yield in conventional tillage (farmers' practical) without chemical and hand weeding (T 6 ). The above result is in line with the findings of [8] . The results showed that hundred grain weight in first and second term was not influenced by the treatments. Since hundred grain weight is mainly governed by the inherent genetic makeup of the cultivar, the treatment effect was not influenced over the character.
Increased grain and stover yields due to favorable soil physical condition affected by conservation tillage and efficient weed control measures in right time with the right method might have been responsible for increased return per rupee invested in the best treatment (T 2 ). In conservation tillage practice, reducing the number of tillage operations along with application of glyphosate and atrazine followed with one hand weeding at 30 DAS resulted in lower maize production cost and higher net returns than conventional tillage. The above result is in line with the findings of [9] . 
IV. CONCLUSION
The key component in Conservation tillage farming concept is the use of a non-selective herbicide such as glyphosate and selective herbicide such as atrazine which makes the Conservation tillage more amenable for adoption with greater degree of agronomic sustainability and economic viability. Conservation tillage with two plouthings together with pre-sowing application of glyphosate @ 1. 02 kg ha -1 + pre-emergence application of Atrazine @ 1.25 kg ha -1 at 3 DAS + one hand weeding at 30 DAS in maize registered the maximum values for most of the parameters like growth, yield attributes and yield. In nutshell, it can be concluded that this treatment effectively control the weeds, maintaining soil health and realization of higher crop yield in maize.
